that the NRC establish a dose limit of 5 millisieverts (0.5 rem) per year for individuals exposed to patients who have been administered radioactive materials. This Regulatory Analysis evaluates three alternatives. Alternative 1 is for the NRC to amend its patient release criteria in 10 CFR 35.75 to use the more stringent dose limit of 1 millisievert (0.1 rem) per year in 10 CFR 20.1301(a) for its patient release criteria. Alternative 2 is for the NRC to continue using the existing patient release criteria in 10 CFR 35.75 of 1,110 megabecquerels (30 millicuries) of activity or a dose rate at one meter from the patient of 0.05 millisievert (5 millirems) per hour.
Alternative 3 is for the NRC to amend the patient release criteria in 10 CFR 35.75 to specify a dose limit of 5 millisieverts (0.5 rem) for patient release. The evaluation demonstrates that, except for a few diagnostic procedures using iodine-131, diagnostic procedures are unaffected by the choice of alternative. Only some therapeutic administrations of radioactive material could be affected by the choice of alternative. The evaluation indicates that Alternative 1 would cause a prohibitively large increase in the national health care cost from retaining patients in a hospital longer and would cause significant personal and psychological costs to patients and their families. The choice of Alternatives 2 or 3 would affect only thyroid cancer patients treated with iodine-131. For those patients, Alternative 3 would result in less hospitalization than Alternative 2. Alternative 3 has a potential decrease in national health care cost of $30,000,000 per year but would increase the potential collective dose from released therapy patients by about 2,700 person-rem per year, mainly to family members. Alternative 3 would also have personal and psychological benefits for the patients and their families.
STATEMENT OF THE PROBLEM
Each year in the US., radioactive pharmaceuticals or radioactive implants are administered to roughly 8 to 9 million patients for the diagnosis or treatment of disease. These people can expose others around them to radiation until the radioactive material has been excreted from their bodies or has decayed away.
NRC's patient release criteria in 10 CFR 35.75, "Release of patients containing radiopharmaceuticals or permanent implants," are as follows:
"(a) A licensee may not authorize release from confinement for medical care any patient administered a radiopharmaceutical until either:
(1) The measured dose rate from the patient is less than 5 millirems per hour at a distance of 1 meter; or (2) The activity in the patient is less than 30 millicuries; @) A licensee may authorize the release of a patient administered a permanent implant only if "the measured dose rate is less than 5 millirems per hour at a distance of 1 meter."
On May 21,1991, the NRC published a final rule that amended 10 CFR Part 20, "Standards for Protection Against Radiation" (56 FR 23360) .
The rule contained limits on the radiation dose for members of the public in 10 CFR 20.1301. However, when 10 CFR Part 20 was issued, there was no discussion in the supplemental information on whether or how the provisions of 10 CFR 20.1301 were intended to apply to the release of patients, thereby creating the need to address this issue.
Because some licensees were uncertain what effect the revised 10 CFR Part 20 would have on patient release criteria, two petitions for rulemaking were received on this issue. The first petition, submitted by Dr. Carol S. Marcus (PRM-20-20,56 FR 26945) ) requests that the
NRC:
(1) Raise the annual radiation dose limit in 10 CFR 20.1301(a) for individuals exposed to radiation from patients receiving radiopharmaceuticals for diagnosis or therapy from 1 millisievert (0.1 rem) to 5 millisieverts (0.5 rem).
(2) Amend 10 CFR 35.75(a)(2) to retain the 1,110-megabecquerel (30-millicurie) limit for iodine-131 (I-l31), but provide an activity limit for other radionuclides consistent with the calculational methodology employed in the National Council on Radiation Protection and Measurements (NCRP) Report No. 37, "Precautions in the Management of Patients Who Have Received Therapeutic Amounts of Radionuclides" (NCWO). 
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(1) Adopt a dose h i t of 5 millisieverts ( 0 5 rem) for individuals exposed to patients who have been administered radiopharmaceuticals.
(2) Permit licensees to authorize release from hospitalization any patient administered a radiopharmaceutical even if the activity in the patient is greater than 1,110 megabecquerels (30 millicuries) by defining "confinement" to include confinement in a private residence.
Since the petitions submitted by Dr. Marcus and the ACNM both address the patient release criteria in 10 CFR 35.75, the NRC has decided to resolve these petitions in a single rulemaking.
OBJECTIVES OF THE RULEMAKING
The objective of this rulemaking is to respond to the two petitions for rulemaking by amending, as deemed appropriate, the patient release criteria in 10 CFR 35.75 .
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,ALTERNATIVES
As the petitions and the public comments that were submitted to the Commission on the petitions make clear, some licensees were uncertain about whether dose limits imposed by 10 CFR 20.1301(a) or the patient release criteria established by 10 CFR 35.75 govern patient release. In the Commission's view, 10 CFR 35.75 governs patient release as explained in the Notice of Proposed Rulemaking associated w i t h this analysis. The public comments received on the two petitions also make it clear that the majority of commenters favor an annual dose limit of 5 millisieverts (0.5 rem). Given that 10 CFR Part 35 is deemed to be the controlling regulation, the Commission is faced with the decision regarding the regulatory approach to be pursued in 10 CFR 35.75. To evaluate the issues raised by the petitioners and those who commented on the requests made by the petitioners, the NRC has determined that the following alternatives should be evaluated 0 Alternative 1: 1 millisievert (0.1 rem)/vr total effective dose equivalent In this alternative, a 1 millisievert (0.1 rem)
per year dose limit is evaluated as.the controlling criteria for determining when a patient may be released from the licensee's control.
Alternative 2 e 1,110 megabecquerels (30 millicuries) or < 0.05 millisievert (5 millirems)/hr at 1 meter In this alternative, the current patient release criteria in 10 CFR 35.75 is evaluated as the controlling requirement for determining when a patient may be released from the licensee's control.
Alternative 3: 5 millisieverts (0.5 rem)/yr total effective dose equivalent) This alternative evaluates a dose limit of 5 millisieverts (0.5 rem) per year to an individual exposed to a patient as the limiting factor for determining when a patient may be released from the licensee's control.
CON §EQUENCES
To evaluate the impacts of the three alternatives, it is necessary to determine which current procedures involving the administration of radiopharmaceuticals or permanent implants might be affected by the imposition of a l-millisievert (0.1-rem) total effective dose equivalent per year dose limit for individuals exposed to released patients. For convenience, procedures involving the administration of radioactive materials to patients may be classified as: 1) diagnostic procedures involving admiitration of radiopharmaceuticals to obtain information about normal and pathological processes in the patient; or, 2) therapeutic procedures involving administration of radiopharmaceuticals or implantation of a radioactive source to destroy diseased tissue in the patient.
Current Uses of

Radio pharmaceuticals
Radiopharmaceuticals can be defined as "drugs" that are radioactive and because of this property are used to (1) obtain information about normal and pathological processes in human organisms or (2) destroy tissue. The first group of compounds represents diagnostic and the latter therapeutic radiopharmaceuticals. Although radiopharmaceuticals may be classified as drugs, it should be noted that neither the diagnostic nor therapeutic radiopharmaceuticals are given for the purpose of exerting a pharmacological action.
Radiopharmaceuticals are generated from two sources: nuclear reactors and accelerators. Nuclear reactors can produce radionuclides through neutron capture reactions (e.g., (n, r), (n, p), and (n, a), as well as by nuclear fission (n, 9). Other radiopharmaceuticals are accelerator produced, in which a highly pure target material is bombarded with p, d, or CY particles. Many have relatively short half-lives. Some radiopharmaceuticals may be produced by either reactor or accelerator (e.g., palladium-103, iodine-125). The choice in production method is dictated by cost considerations and vendor access to a high neutron flux reactor facility. While most iodine-125 has in the past and continues to be NURE G-1492 produced by reactors, the production of palladium-103 has shifted from reactor to accelerator (personal communication, C. Jacobs, August 1993). The identity, chemical form, and average quantity of radionuclides used for diagnostic in-vivo procedures are cited in Table 4 .2 and reflect values cited by .
Diagnostic Uses of Radiopharmaceuticals
It can be assumed that the average quantity per examination has not significantly changed since the time of original publication (personal communication, F. A. Mettler, March 1993) .
As the results in Table 4 .2 indicate, there are approximately 8.2 million diagnostic examinations employing radiopharmaceuticals performed annually in the US. Of these, more than 85 percent 3 NUREG-1492 use technetium-99m (Tc-99m) as the label, about 5 percent use xenon-133 (Xe-133), about 5 percent use thallium-201 (TI-201), about 3 percent use iodine-131 or iodine-123 (I-123), and about 2 percent use gallium-67 (Ga-67).
Age and Sex Distribution of Patients
The age and sex distribution of the U.S. population that underwent nuclear medicine examinations in 1980 is shown in Table 4 .3. For the period of observation, more than three-fourths of all nuclear medicine examinations were performed on persons over the age of 45; nearly 40 percent of these patients were 64 years and older. With the exception of the youngest age category, the percentage of females exceeded males.
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Therapeutic Administrations
Therapeutic use of radioactive materials involves two distinct approaches. The first involves the oral, intravenous, or intracavity administration of a radiopharmaceutical that may subsequently be distributed, concentrated, retained, and eliminated by physical, chemical, and metabolic actions occurring within the body. The second approach involves the implantation of radioactive sources (i.e., seeds) directly into a solid tumor. While both temporary and permanent implants are performed, all patients receiving temporary implants are hospitalized until the implants are removed. Thus, only permanent implants are potentially affected by this rulemaking. (' ) DTPA is diethylene-triamine pentacetic acid; IDA is imino diacetic acid; MAA is macro-aggregated albumin, population. and RBC is red blood cells. 
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Radiopharmaceuticals Used in Therapy
The in-vivo use of radiopharmaceuticals in therapy is based on the abfity to differentially deliver lethal radiation doses to the selected target tissue.
The choice of radionuclides is based on specifk physical characteristics. Most desirable are beta emitters that can deliver intense irradiation of target cells while sparing the surrounding tissues.
In contrast to diagnostic procedures for which the gamma emission is essential, the emission of energetic gammas is undesirable for therapeutic purposes since it results in unwanted irradiation of surrounding healthy tissues and doses to individuals in close proximity to the patient. In recent review articles, Verbruggen (VE90) and Hoefnagel (H091) idenflied a list of available tumor-seeking radiopharmaceuticals (Table 4.4) .
The more significant therapeutic applications are described below.
Hyperthyroidism
Hyperthyroidism is characterized by an increased production of thyroid hormone. Hyperthyroidism is most commonly associated with Graves'
Disease. Graves' Disease is an autoimmune disease in which the body's own immune system is directed against cellular and secretary products of the thyroid gland. Hyperthyroidism can also be the result of excessive hormone production by a single "toxic" nodule, thyroid carcinomas, and medications inclusive of potassium iodide.
Hyperthyroidism is not a condition reportable to public health agencies. As a result, data on rates of occurrence and treatment must be inferred. Incidence of hyperthyroidism is reported at 3 per 10,000 adults per year, with peak incidence occurring between 30 and 50 years of age (DG79).
From the most recent data (1990) In the past, therapeutic quantities of iodine-131 for treatment of hyperthyroidism tended to be of a magnitude that would reduce the hormone production of the hyperactive thyroid gland to normal levels, However, experience demonstrated that over a period of years the therapy-induced euthyroidal (normal or healthy thyroid) condition deteriorated to one of hypothyroidism requiring thyroid hormone replacement therapy. As a result, hyperthyroid therapy today involves ablation of the thyroid using doses of iodine-131 in the range of 550 to 1,100 megabecquerels (15 to 30 millicuries). Such doses quickly result in the total Ioss of thyroid function and the patient is given hormone replacement therapy from the 
Thyroid NoduIes
Single or multiple nodules of sufficient size may cause obvious enlargement of the thyroid. A nodule(s) refers to a replacement of the normal homogeneous cytostructure of the thyroid with a histologic pattern ranging from colloid-filled cysts and colloid adenomas to follicular adenomas.
Since the incidence is 4 to 5 times as great in women as in men, and since it develops and progressively increases in size during life, it is most frequently found in females 50 to 70 years of age. It is not uncommon for nodules to remain undetected until a post-mortem examination.
Small nodules in euthyroid subjects require no therapy. If the gland is grossly enlarged and causes a cosmetic problem or tracheal compression, treatment may be indicated along with thyroid hormone replacement therapy.
A small percentage of thyroid nodules tend to produce thyroid hormones uncontrollably and in excess (ie., the nodule is not under the regulatory control of the pituitary gland and is clinically referred to as toxic nodular goiter). The presence of these autonomously functioning thyroid nodules leads to hyperthyroidism (thyrotoxicosis).
Toxic nodular goiter, like Graves' Disease, may be treated surgically (thyroidectomy) or by therapeutic dose(s) with radioactive iodine.
Estimates of the frequency of radioactive iodine treatment for this condition are included under the estimates for hyperthyroid treatment above.
Thyroid Cancer
There is no nationwide cancer registry that accurately defines the number of new cases of cancer diagnosed each year. However, the American Cancer Society (ACS) annually publishes data on cancer incidence and patient survival based on information provided by the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program.
The ACS estimates of U.S. cancer cases diagnosed for the most recent year, 1992, are based on age-specific incidence rates from the SEER program for 1986-1988 applied to the Census Bureau's population projections for 1992.
The ACSs estimate of new thyroid cancers in 1992, is 12,500 (ACS93). This report assumes that about 10,000 cases per year will be treated with therapeutic doses of iodine-131.
The quantities of iodine-131 used in thyroid cancer therapy depend upon the type of cancer, the status of the cancer, and the degree of uptake and retention of iodine-131 by residual cancerous thyroid tissue. As a result, current therapeutic doses range from 1,850 to 11,100 megabecquerels (50 to 300 millicuries) (personal communications, F. A. Mettler and K. L. Miller, March 1993) .
Therapy for Polycythemia Vera
Since the introduction of radiophosphorus in 1936, patients with polycythemia vera (PV) have been treated successfully with this radioisotope to control rather than cure this disease. Polycythemia vera is a relatively rare disease that is characterized by an autonomous proliferation of marrow cells leading to an over production of red blood cells and white blood cells. Typically, phosphorous-32 (P-32) is administered intravenously in doses of 110 to 185 megabecquerels (3 to 5 millicuries) per treatment over a period of time with average cumulative quantities of 740 megabecquerels (20 millicuries) per patient (M065). Since phosphorous-32 is a pure beta emitter, treatments using phosphorous-32 would not be affected by the rulemaking and need not be considered further in this analysis.
Bone Therapy
Since the use of radioactive strontium for the treatment of bone metastases was first described in early 1942 (PE42), bone therapy has included other radionuclides. Bone therapy may involve the treatment of primary bone tumors such as osteosarcoma (BL87) in which bone-seeking radiopharmaceuticals are in fact tumor seeking. Bone therapy may also be the treatment of painful skeletal metastases, which may be palliated by bone-seeking radionuclides. Although the literature references the palliative and tumor therapeutic use of these radionuclides For lymphoid cell malignancies, the tumor cells (i.e., lymphocytes) may retain their ability to migrate and recirculate into the lymphoreticular tissues (ie., spleen, liver, bone marrow, and lymph nodes). The harvesting, labelling, and reinjection of lymphocytes has been demonstrated to deliver therapeutic levels of radiation doses to tumors of the lymphoreticular system (C087). Indium-114labelled lymphocytes have a potential therapeutic role in the management of lymphoma, and clinical studies are underway. Because use of this new therapy is not widespread, its impact may be omitted in the analysis, but it should be noted that use of a dose-based methodology provides a means to determine the quantities for which release may be authorized.
Intra-Arterial Therapy
Some primary tumors as well as metastatic lesions are highly vascularized. Direct arterial injection with insoluble radiolabelled particulates that lodge in arterioles and capillaries of the tumor is the basis of this form of therapy (2384; EH87).
Insoluble carriers of radionuclides that have been clinically tested include iodine-131-labelled oil contrast medium, iodine-131-lipoidal or -ethiodol (PA87), yttrium-90-glass microspheres (HE88), and yttrium-90 (Y-90) resin particles (ROE90).
Since these therapies are so seldom used, their impact may be ignored in this analysis.
Intracavitary Tumor Therapy
For tumors that are spread over the serosal linings of the body cavities or for ascites tumors, one approach to delivering therapeutic doses of radiation is to inject the radiopharmaceutical directly into the body cavity. For this approach, colloids, chelates, and, more recently, monoclonal antibodies labelled with , phosphorous-32, yttrium-90, or iodine-131 can be used.
Initially, gold-198 colloids were used, but phosphorous-32 is now preferred due to its longer half-life, more energetic beta particles, and the absence of gamma radiation. Intracavitary radionuclide therapy with phosphorous-32 in quantities of 185 to 370 megabecquerels (5 to 10 millicuries) has been applied to malignancies involving the pleural, pericardial, and peritoneal cavities (JA81; MA78; KA81) .
More recently, iodine-l31-or yttrium-90-labelled tumor-associated monoclonal antibodies have been used in intracavitary therapy (PE86; FIS9;
RI90) in doses of 740 to 2,220 megabecquerels (20 to 60 millicuries). Superiority of monoclonal antibodies aver colloids is expected due to the enhanced affinity of the labelled antibody for the target cells. At present, these therapies are rarely used and thus have no impact in comparison with radioiodines.
Radioimmunotherapy
Radioimmunotherapy involves the use of radiolabelled antibodies directed against tumor-specific antigens such as the carcinoembryonic antigen (CEA) and femtin. Only a very limited number of cancer patients have been treated experimentally with radiolabelled antibodies in combination with chemotherapy and external beam irradiation. Among cancers treated are hepatomas, Hodgkin's disease, and non-Hodgkin's lymphoma (OR83 LE85; NE90). In the past, radioimmunotherapy involved the use of iodine-131-and yttrium-90labelled polyclonal antibodies raised against tumor-associated antigens in a variety of animal species. Based on avidity of tumor cells and exposure considerations of the bone marrow, single doses of 370 to 1,110 megabecquerels (10 to 30 millicuries) have been used. In-situ radiotherapy may involve permanent implants or brachytherapy. Brachytherapy has been around almost since the discovery of X rays. Brachytherapy can be divided into temporary implantation using high activity sources or permanent brachytherapy using the interstitial implantation of encapsulated radioactivity. In 1911, Pasteau reported the first treatment of prostate cancer by brachytherapy using radium inserted through a urethral catheter (PA11). Currently, iridium-192 is the radionuclide of choice for temporary implantation. For temporary implantation, patients may be retained in the hospital for reasons that are independent of radiological considerations. Radionuclides used for temporary implants are, therefore, of no concern to this report and will not be discussed further.
Over the past 20 years, several radionuclides have been introduced to brachytherapy, allowing for the permanent implantation of radioactive "seeds."
Seeds are miniature capsules that are strategically inserted within a solid tumor and over the period of their decay deliver a lethal dose of radiation to tumor cells within a short distance of the implant. The major advantage of brachytherapy over external irradiation in the treatment of solid tumors is the favorable ratio of dose delivered to tumor cells versus normal tissue. This is particularly true of prostate cancer where the surrounding normal tissue includes the bladder, rectum, and urethra. The presence of these normal tissues limits the dose of external beam radiation therapy that can be a d m i t e r e d safely to the prostate to approximately 7,000 rads (P093).
The radionuclides primarily used in permanent implants are iodine-l25 (1-125) and palladium-103 (Pd-103). Less frequently used radionuclides include gold-198 and ytterbium-169 (Yb-169).
The most frequently used radionuclide in permanent implants is iodine-125, which has the advantage of an extremely low energy (27 keV) photon and a half-life of 60 days. Besides minimixing dose to surrounding healthy tissue, the low photon energy also l i m i t s doses to hospital personnel and others when compared to temporary implants w i t h or permanent implants with gold-198 (CL89, RUE).
Although iodine-125 implants are most commonly used to treat cancer of the prostate (F'U91, M088, DE86, HE82, WH88, PR92), they have also been used on a very limited basis for brain tumors (AG92, Sc92, OS92), carcinomas of the pancreas (MOW), non-oat cell lung carcinomas (FL92), breast cancers (RU92), and tumors of the head, neck, and eye.
Palladium-103 seeds were developed for use in brachytherapy to reduce some of the problems associated with iodine-125. Its average photon energy of 21 keV is lower than iodine-125, but, given its shorter 17 day half-life, it has a higher initial dose rate. Recently, palladium-103 seeds have been developed with the same physical parameters as iodine-125 seeds to ensure compatibility with the brachytherapy tubes and templates used for iodine implantation (ME90).
Ytterbium-169 has been hailed as a replacement for iodine-125 in brachytherapy. Compared to iodine-125 and palladium-103, it has a slightly higher initial dose rate, and its average 93 keV beta energy allows for a more favorable dose distribution and negligible tissue self-attenuation (P090). However, its use as a permanent implant is nominal due to the presence of a small (less than 3 percent) average photon peak at 300 keV, that can significantly impact radiation doses to individuals in proximity to the patient.
Gold-198 implants have been used in a few instances of prostate cancer (FR88, CA88). The potential advantage of delivering a high dose within a relatively short time, however, is offset by its energetic gamma emissions, which has caused its use in recent years to fall into disfavor and be used only rarely (CA87). 
Assessment of Doses to
Individuals Exposed to Patients Administered Radioactive Materials
To identify the potential impacts associated with each of the alternatives, it is necessary to h o w the magnitude of doses that could be received by an individual exposed to a patient who has been administered radioactive materials. While exposure can occur via any of the elimination pathways by which radionuclides are removed from the body (e.g., urine, feces, sweat, saliva, exhalation), experience indicates that for iodine-131 and other gamma emitters, these pathways will generally be insi@cant in relation to the doses that can result from exposure to the direct gamma radiation from the patient. This section of the report assesses the dose to individuals exposed to patients who have been admitered radioactive materials. For expediency, a two-tiered approach is employed.
The first tier serves as a baseline and may be viewed as a screening method. Consequently, this first screening tier employs conservative assumptions and represents upper-bound values. Therefore, procedures involving quantities of radionuclides that are less than those defined by the screening calculation can be eliminated from further consideration. Procedures employing quantities in excess of the first tier screening quantities are subsequently assessed using parameters that are more realistic.
Methodology for Calculating Direct Gamma Dose
A basic calculation in gamma-ray dosimetry is the radiation distribution around a point source. In air, the absorption of even low-energy photons is small and can, therefore, be neglected for small distances from the source. As a result, the dose around a point source follows the inverse square law. If a point source is placed at the center of an imaginary sphere, the same number of gamma rays pass through the surface independent of the sphere's radius r. Since the surface area is proportional to P, the number of quanta passiig 1 cm2 of surface area is proportional to I/?. Therefore, if the dose rate is known at 1 cm from the point source, it can be easily determined at any distance. The rate of radionuclide excretion may be complex if more than one biological compartment is involved. For such instances, variation of q(t) follows the exponential decay relationship characterized by the physical half-life T, and biological half-life Tb of the radionuclide for each compartment.
The gamma-ray dose rate constant J? commonly expresses the dose rate per hour at 1 cm in air for a 37-megabecquerel(l-millicurie) point source of a given radionuclide. The gamma dose rate constant I ' may be measured directly if the disintegration rate is accurately known or it may be calculated from known physical constants. Table 4 .7 identifies the specific gamma-ray constants and corresponding dose rates at 1 meter for principal radiopharmaceuticals employed in diagnostic and therapeutic procedures.
Thus, for an initial activity qo (in megabecquerels or millicuries), the external dose rate R,(t) of a given radionuclide point source is defmed as follows (L056): The total dose DJt) at any time t is found by integrating the dose rate RJt) from time to to the time t. The total dose for a given time interval is therefore:
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Using Eq. (2) from which it follows that 
Screening Calculations (7)
To determine which, if any, of the diagnostic and therapeutic procedures involving administration of radioactive materials would be affected by the alternatives under consideration, a series of screening calculations were performed using Eq. (7) to calculate the total gamma dose to decay at 1 meter that would be delivered by the radionuclide modeled as a point source in air.
The screening calculations used the physical half-lives of the radionuclides and did not consider biological elimination. In other words, the physical half-life was used in Eq. (7) in place of the effective half-life. The physical characteristics of the radionuclides are given in Table 4 .7.
The results of the screening calculations are summarized in Table 4 .8. Table 4 .8 indicates that, except for a few procedures using iodine-131 to detect thyroid cancer, none of the other diagnostic procedures currently being performed have the potential to deliver a 1 millisievert (0.1 rem) dose to an individual exposed to a patient. However, based on the screening procedure, additional consideration must be given to the therapeutic procedures and the diagnostic use of iodine-131. Table 4 .2). The maximum diagnostic activity of 1-131 is shown because it yields gamma doses exceeding the 1-millisievert (0.1-rem) screening value. For therapeutic procedures, the activity is the maximum per administration (see Table 4 
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.6).
Calculations assume no biological elimination and no attenuation of gamma rays in air, body of patient, or source capsule.
cells.
(' )
Estimate of Maximum Likely Doses to Individuals Exposed to Patients
To determine the potential magnitude of the impacts on therapeutic administrations, considerably more realistic assessments were made of the doses that could result from exposure to a patient treated with each of the radionuclides used in therapy.
Exposure Factor
The release of a patient with radiopharmaceuticals has the potential for exposing other individuals who are near that patient. As such, essentially all members of society are to a varying extent at risk to exposure whether at home, work, or in a public facility (e.g. public transportation, restaurant, theater, store, sporting event, etc.). Doses among individuals who may come in contact with a released patient are highly variable and reflect the crucial, but difficult to define, parameters of time, distance, and shielding. Based on time and distance considerations, it is reasonable to conclude that for the overwhelming majority of released patients, the maximally exposed individual is likely to be the primary careprovider, the family, or any other individual who spends significant time close to the patient.
Based on time, distance, and shielding factors, which describe normal lifestyles of the U.S. population, it is highly unlikely that doses equal to spending 100 percent df time at a distance of 1 meter from a patient would result to any individual including a patient's spouse. As a standard medical practice, patients undergoing therapeutic treatments with radiopharmaceuticals are given firm instructions, both verbally and in writing, regarding basic principles on how to minimize doses to other individuals.
Given all considerations, a realistic estimate of the maximal likely dose to an individual exposed to a patient is 25 percent of the "Reference Dose" (Le., dose-to-total d$cay at a distance of 1 meter).
The selection of 25 percent of the "Reference Dose" for estimating maximal likely exposure is an intuitive judgment based on the authors' judgment of time-distance combinations that are believed likely to occur when instructions to spend as little time close to the patient as possible are given. The value is also supported by empirical data. Harbert and Wells (HA74) monitored family members of three patients for external exposure. Table 4 .9 summarizes key parameters of patient treatments and associated measured doses to family members. The last column of Table 4 .9 provides dose estimates that would have been predicted based on the 25 percent Reference Dose Model adopted in this report.
Iodine Retention by the Thyroid
For therapeutic administrations of iodine-131, the total gamma dose to decay at 1 meter was calculated based upon specific uptake, retention, and elimination rates for hyperthyroid and euthyroid conditions. For thyroid ablation, the patient is considered hyperthyroid; for thyroid cancer, the patient is conservatively considered euthyroid or having normal thyroid function. For iodine-125 and palladium-103 implants, the total gamma dose to decay at 1 meter was calculated considering attenuation by the source capsule and the surrounding tissues.
Iodide is concurrently removed from the blood by both the thyroid and by the kidneys. The concurrent removal of free iodide from the blood by thyroid uptake and urinary excretion yields a biological half-life of blood iodide of about 5 to 6 hours (ST88). This implies that about 95 percent of iodide (and therefore radioiodide) is cleared from the blood in the first 24 hours following an oral or i.v. administration. The kinetics of these two competing removal mechanisms of iodide from the blood forms the basis of the iodide uptake fraction from the blood by the thyroid.
Organ Uptake Fraction
The fraction of iodide taken up from the blood by the thyroid varies widely among individuals because of differences in dietary iodine levels and metabolic factors that are age and sex related. For healthy adult (euthyroid) individuals in the U.S. with an average daily dietary intake of iodide, the daily thyroidal uptake of about 60 to 100 pg of iodide represents a 9 to 30 percent fractional uptake, with an average fractional intake of 17 percent. Under conditions of hyperthyroidism, the fractional uptake is considerably higher and 15 NUREG-1492 Since elemental iodine is heavily concentrated in the thyroid gland, iodine-131, a beta-gamma emitter, has found extensive applications in diagnostic and therapeutic procedures involving the thyroid. Owing to its physical, chemical, and biological characteristics, iodine-131 is the most frequently used therapeutic radiopharmaceutical and thus of primary concern in a discussion of regulatory release criteria.
Biological Half-Life
The biological half-life of elemental iodide is primarily governed by metabolic utilization and retention of organified iodide. For euthyroid conditions, the thyroid releases approximately 60 to 100 pg of hormonal iodide daily. Empirical studies by Dunning and Schwarz (DU81) show that the elimination of iodide from the thyroid among individuals may vary with biological halflives of 21 days to over 300 days. Under conditions of extreme hyperthyroidism (e.g., Graves' disease), enhanced elimination of iodide may reach biological half-life values as short as 7 days (ST88) .
The Quantitative Assessment of the Uptake, Retention, and Excretion of Iodine-131
There is general agreement that retention of stable iodide introduced into the blood stream declines with time according to a two-term exponential equation (ICRW9): 
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Empirical measurements of the fractional uptake following a single admiitration have been reported by many investigators. For North American adults with daily dietary intakes of 100 to 300 pg of iodide, the F, value generally applied to adults is 0.3 (ICRP79) . Empirical measurements also indicate that representative values for T,, and Tb2 vary between 4 to 6 hours and 50 to 100 days, respectively. Values of 5 hours and 68 days represent average values for Tbl and Tb2
and will be used for computational purposes in this report (L056). Eqs. (12) and (13) reveal that in the first 24 hours nearly all of the F, fraction has been eliminated (the Fl fraction is that quantity which is not taken up by the thyroid and is largely eliminated by urinary excretion at discrete intervals over the first %hour period under normal conditions) and that post-24 hours the body burden of iodine-131 is in essence defined by the F2 fraction or thyroid burden. While these equations describe the retention in the body they do not include the iodide contained in the urine in the bladder. That iodide can be significant in the early hours after administration.
. For hyperthyroidism, due to the complexities associated with the geometric distribution, uptake and biological elimination of iodide, a simple, conservative model assumes that (1) the Fl fraction is eliminated by a single urinary voiding at t equals 24 hours and (2) in the first 24 hours, all of the iodide is concentrated in the body as a point source (eg., bladder). The total dose D7(03) may, therefore, be established by adding the doses for two discrete time intervals: (1) 0 to 24 hours and (2) 24 hours to infinity. For the first 24 hours after admiitration, the effective half-life will equal the physical half-life of iodine-131.
For the time interval of 24 hours to infinity, the effective half-life will assume the value 5.7 days.
For purposes of quantifying average body and thyroid burdens in thyroid cancer patients, a practical approach is to assume that (1) the residual cancerous tissue is normal (i.e., euthyroid) and (2) the iodine-131 is metabolized in a manner that conforms with a normal euthyroid condition. The total dose D7(oo) is established in an analgous manner to that described for hyperthyroidism above.
Internal Exposure
Upon oral admiitration or direct injection into the circulating blood, the normal processes of absorption, distribution, and excretion take place. Removal of radionuclides from the body may follow the pathways of urine, feces, sweat, saliva, and exhaled air.
Urine. Radionuclide excretion in the urine is the dominant and almost universal elimination pathway.
Feces. Radiopharmaceuticals retained or catabolized by the liver may be secreted into the gastrointestinal lumen via the bile. Biliary secretion of a radionuclide may be followed by intestinal reabsorption.
Sweat. Radionuclides present in the extracellular fluid will tend to be excreted in the sweat in accordance with the fraction that is unbound in the plasma.
Saliva. Salivary excretion of radionuclides is also proportional to the unbound or diffusible fraction in the plasma. However, salivary excretion is seldom an important elimination route, since nearly all saliva is swallowed rather than expectorated.
Milk. Radionuclide excretion via the mammary gland constitutes a potential exposure pathway to the breast-fed infant or child. This can be a very important pathway after the administration of radioiodines. Relatively small administrations of radioiodine to a breast-feeding mother can cause very large doses to the thyroid of the infant.
Thus, precautions must be taken against breastfeeding after the administration of radioiodines.
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The potential for contamination by patients treated with radioiodine which may serve as a source for internal exposures to others have been assessed for various excreta pathways (BL71, MA73, M80). Levels of iodine in urine, perspiration, saliva, and exhaled air are proportional to the blood levels of free or unbound iodide. Thus, maximum excretion rates are observed shortly after an administered dose. Excretion rates decline rapidly thereafter due to renal clearance and thyroidal uptake. While contamination through urinary excretion may be readily controlled by cautious but reasonable hygiene practices, contamination by other pathways inclusive of saliva, saliva spray (i.e., sneezing and coughing), perspiration, and breathing are more difficult to mitigate. In a thorough study of two patients treated for thyroid carcinomas, Nishmwa, et.al. (NBO) observed maximum excretion rates of iodine in exhalation, perspiration, and saliva of 3.2 x lO"/hr, 2.4 x 10"/hr, and 6.3 x 10-3/hr of the administered dose, respectively.
Buchanan and Bridle (BU70) estimated thyroid radioiodine activity in 39 subjects who, as family members, were associated with patients treated for hyperthyroidism. Administered quantities ranged from 148 to 740 megabecquerels (4 to 20 millicuries) per patient. Of the 39 patients, 28 were instructed to take precautionary measures to minimize exposure to family members. Eleven patients volunteered to disregard special precautions against contamination and minimizing spousal and family exposure. On the basis of one measurement per family, subject thyroid burdens ranged from less than 37 to 1,110 becquerels (1 to 30 nanocuries) with an average of 259 becquerels (7 nanocuries). Although the subjects were not monitored for external radiation exposure, thyroid dose equivalents may be assumed to be equal or less than the corresponding whole body exposures from external radiation.
In a 1978 study by Jacobson, et.al. (JA78) , seven families were studied in which one family member had been treated with iodine-131 doses ranging from 296 to 5,500 megabecquerels (8 to 150 milicuries). Non-patient family members were assessed for external exposures by means of thermoluminescent dosimeters (TLDs) worn at the wrist for the full duration of exposure.
Internal exposure (i.e., thyroid burden) was determined at discrete time intervals by means of a pair of 30-inch NaI crystals. Although all family members proximal to the patient had measurable thyroid burdens, dose estimates in nearly all cases indicate that external exposures substantially exceeded internal thyroid dose equivalents. Moreover, the investigators also concluded that it " . . . appears certain from our study of these subjects that for spouses, there is a relation between thyroid activity and intimacy. Of the 12 husbands and wives questioned, . . . none were willing to adjust living habits with their spouses because of the radiation therapy. Most, however, are concerned for their children and are willing to listen to suggestions which minimize exposure to their children."
Although the number of studies and associated data regarding internal exposures are limited, existing information suggests that internal doses from intake of contamination are likely to be much less than external doses.
Self-shielding for Permanent Implants
The modeling of doses from patients with implants is relatively simple because the encapsulated activity is not subject to the complex uptake and elimination of in-vivo administered radionuclides. Dose and dose rates, as a function NUREG-1492 of time, are therefore governed exclusively by the physical decay of the radionuclide. Table 4 .5 provided dose rates at a distance of 1 meter for point sources in air having activities within the range of therapeutic implants. In Table 4 .5, no attenuation of gamma rays within the source capsule or the patient's tissue was assumed.
Calculated doses and dose-rate values of point sources in air, however, cannot be assumed to represent implant conditions. A significant reduction in dose rate and exposure doses must be anticipated from the shielding effects of the source capsule and the tissue surrounding the implant. The linear absorption coefficient and corresponding soft tissue half-value layer for the low energy photon of iodine-l25 and palladium-103 were identified in Table 4 .5. For a prostate implant, tissues that serve to reduce photon flux about the patient include the soft and bone tissues of the thighs, pelvis, buttocks, abdomen, etc.
To assess the impact of tissue shielding by the patient, the medical health physicist of the Memorial Sloan Kettering Cancer Center was consulted (personal communication, J. St. Germain, March 1993). Based on empirical assessment involving patients with implants, tissue shielding for iodme-l25 is likely to exceed 5 or more half-value layers (HVLs), which would reduce the dose and dose rate by a factor of at least 32. For palladium-103 implants, in which the HVL in tissue is less than one centimeter, the shielding afforded by the patient's tissue is even more extensive. For other implants involving the lungs, brain, pancreas, etc., tissue shielding values of simiiar magnitude can be assumed for an adult male and female. For certain implants involving primary cancers of the neck and head, overlying tissues may provide less than 5 HVLs of attenuation. In such instances, it is standard practice to provide.the patient with a small portable "shield which effectively attenuates all emissions (personal communications, C. Jacobs, August 1993, and R. Nath, J. St. Germain and K Suphanpharian, March 1993). A shield consists of a vinyl sheet impregnated with lead and molded to fit the anatomical surface over the implant. Table 4 .11 provides estimates of the maximal likely doses to an individual from implants. Even for upper-bound activities of palladium-103, doses are not likely to exceed 1 millisievert (0.1 rem) and may, therefore, be exempted from consideration in the cost-benefit analysis.
4335 Summary of Maximum Likely Doses Table 4 .11 provides the maximum likely doses to individuals from current therapeutic procedures.
The estimates indicate that only the therapies and a few diagnostic procedures involving radioiodine would be affected by any of the alternatives under consideration.
Collective Dose
To evaluate each alternative, it is also necessary to estimak not only the dose to the maximally exposed individual, but also the collective dose to other individuals who may be exposed to patients administered radioactive materials. To calculate precisely the collective dose that would be received under any of the alternatives would require detailed information of a highly diverse group of patients relative to lifestyks, living arrangements, work environments, social activities, etc. This information does not exist and is essentially impossible to precisely determine. In place of a precise estimate we have made a rough estimate of the collective dose per procedure which we believe is adequate for the purposes of this rulemaking.
Based on considerations of the written instructions provided patients, the demographics of the patient population (see Table 4 .3), and time, distance, and shielding factors, we estimate that the collective dose per procedure is 3 times the maximal dose. This 3 times factor could occur in the following manner, based upon intuitive assumptions about a typical family and friends. In addition to the person receiving the maximal dose, who is likely to be the primary care-provider, there could be 2 other people who will average about half as much time near the patient. There might also be about 4 other people who will average about a quarter as much time near the patient as the maximally exposed individual. The sum of the collective dose to all these people is 3 times the dose to the maximally exposed individual. This situation could represent a typical family and friends. Of course some patients will spend more time near other people, but other patients will spend less. A collective dose of 3 times the dose to the maximally exposed 19 NUREG-1492 individual is thus a reasonable average representation.
Finally, as data are not available on the distribution of the quantities of radionuclides administered for each procedure, the estimates of collective dose for each alternative are based on the mid-point values within the ranges of the activities administered.
Tables 4.l2,4.13, and 4.14 present the estimates of the collective doses for Alternatives 1,2, and 3, respectively for therapeutic admiitrations that could be affected by choice of alternative. Implants using palladium-103 are not included because doses to exposed individuals are always less than 1 millisievert (0.1 rem).
In Table 4 .12, the collective dose per procedure was determined in the following manner. For all types of procedures in the table, the average activity administered will cause a dose to the most highly exposed individual that may exceed 1 millisievert (0.1 rem). Therefore it was assumed that all patients would remain hospitalized until the dose dropped to 1 millisievert (0.1 rem). Thus, the dose to the most exposed individual would be 1 millisievert (0.1 rem). The collective dose per procedure is then assumed to be 3 times the dose to the most exposed individual. In Table 4 .13, the collective dose per procedure was calculated in the following manner. For thyroid ablation, no hospitalization is required ecause the administered activity is less than 1,110 megabecquerels (30 millicuries).
From Table 4 .11, the dose to the most exposed individual from an administration of 833 megabecquerels (22.5 millicuries) is 1.58 millisieverts (0.158 rem). The collective dose is 3 times the individual dose or 4.74 millisieverts (0.474 rem). The collective dose per procedure for iodine-125 implants was calculated in the same manner assuming no hospitalization. For thyroid cancer, hospitalization is assumed until the activity remaining in the patient's body is 1,110 megabecquerels (30 millicuries). The estimated annual total effective dose equivalent to the maximally exposed individuals from a patient containing NUREG-1492 20 1,110 megabecquerels (30 millicuries) is estimated to be 4.1 millisieverts (0.41 rem).
In Table 4 .14, the collective dose per procedure for thyroid cancer is estimated by assuming hospitalization until the maximum dose to an individual would be 5 millisieverts (0.5 rem). The collective dose is therefore 15 millisieverts (15 rems), using the previously described assumption that the collective dose will be 3 times the dose to the maximally exposed individual.
Value Impact Analysis
Estimates of the Potential Costs
The analysis in Section 4.2 indicates that the 1 millisievert (0.1 rem) per year dose limit imposed by Alternative 1 would result in the smallest collective dose to individuals exposed to released patients. The benefit of smaller doses estimated for Alternative 1 will only be achieved if the patients to whom the radioactive materials have been administered are retained under the control of licensees for longer periods of time.
The impact of retaining patients must be assessed in terms of the patient, family, and society as a whole. At a minimum, the economic cost must consider the direct cost of medical resources required to retain the patient in a hospital and the indirect cost resulting from the loss of human resources. Additional consideration should be given to the psychological impact of retention on the affected individual and family members.
Hospitalization will also cause an increase in the dose to the hospital staff and other patients in the hospital. However, the increase in dose to the hospital staff is expected to be low relative to a patient going home earlier because of the precautions taken during hospitalization; e.g., patients are isolated and the hospital staff rarely enters the patient's room.
In the analysis that follows, these costs are calculated assuming that all retained patients will be hospitalized. While retention costs might be less for non-hospital locations, no attempt is made in this analysis to quantify the potential costs.
Estimates of the Direct Costs of Patient
Retention
Durations of Patient Retention
Estimates of the periods of time that patients would need to be retained under licensee control for each of the alternatives are presented in Table 4 .15. These estimates are based on the limits imposed by each alternative and employ the midpoint activities used for a given medical procedure.
Cost of Patient Retention
To estimate the annual dollar costs for these periods of retention, one needs only multiply the NUREG-1492 22 
Evaluation of Psychological Costs
Retention of patients in a hospital by design necessitates that the patient be "isolated and that human contact, inclusive of family members, is either avoided or minimized. Such isolation may bring about numerous changes and impositions in the lives of the patient and family members that may in part be linked to, but are not reflected in, the direct and indirect economic costs identified above. The wide variety of deterioration in the quality of life brought on by illness are frequently referred to as psychological costs. For thyroid cancer or dysfunction requiring therapeutic doses of iodine-131 for example, a deterioration in the quality of life may be precipitated by the loss of bodily function, a lifetime dependence on medication, hormonal instability, uncertainty of normal life-expectancy, disruption of normal daily routines, and reduced financial security related to employment, lost earnings, and medical expenses.
While some of these elements of psychological costs are the result of the disease itself, others such as disruption of normal routines, social isolation, and enhanced financial strain are clearly elements of psychological costs that are directly related to patient retention. In characterizing psychological costs, Thomas Hodgson (H084) chief economist for the Department of Health and Human Services' Offices of Analysis and Epidemiology states: ". . . The environment created by illness often induces anxiety, reduced self-esteem and feelings of well-being, resentment, and emotional problems that often require 
Cost Comparison of Alternatives
Evaluation Of The
Alternatives With Respect To Accepted Radiation Protection Principles
Selection of the 5-millisieverts (0.5-rem) total effective dose equivalent per year criterion is consistent with: the Commission's provision in 10 CFR 2O.l301(c) for authorizing a licensee to operate up to this limit; the recommendations of the International Commission on Radiological Protection (ICRP) in ICRP Publication 60, "1990 Recommendations of the International Commission on Radiological Protection;" and the recommendations of the NCRP in NCRP Report
No. 116, "Limitation of Exposure to Ionizing Radiation." Each of these provide a basis for allowing individuals to receive annual doses up to 5 millisieverts (0.5 rem) under certain circumstances. Both ICRP and NCRP recommend that an individual be allowed to receive a dose up to 5 millisieverts (0.5 rem) in a given year in temporary situations where exposure to radiation is not expected to result in doses above 1 millisievert (0.1 rem) for long periods of time. The recommendations of the IC-and NCRP are based on their finding that annual doses in excess of 1 millisievert (0.1 rem) to a small group of people, provided that they do not occur often to the same group, need not be regarded as especially hazardous. Although the risk is potentially greater under Alternative 3, it is still within the range of acceptable risk for radiation exposure accepted by the NRC (as implemented under the revised 10 CFR Part 20).
DECISION RATIONALE
1. All of the Alternatives are acceptable according to generally accepted radiation protection principles, as those expressed by NRC, NCRP, and ICRP, as discussed in Section 4.4.
2. Alternative 1 is considerably more expensive to the public compared to Alternative 2 (the status quo) or Alternative 3. Even neglecting the psychological costs, which have not been expressed in dollar terms, the incremental cost of Alternative 1 relative to Alternative 2 is about $363,000,000 per year, mostly in increased national health care costs. The
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value of the dose savings at a value of $1,000 per person rem is $18,200,000 per year. In view of this, Alternative 1 may be dismissed.
3.
Alternative 3 relative to Alternative 2 has a value of $30,600,000 per year, mostly in lower health care costs at a collective dose cost of $2,700,000 per year. Alternative 3 also has psychological benefits to patients and their families. Thus, Alternative 3 is cost effective in comparison with Alternative 2.
4.
Basing the patient release criteria in 10 CFR 35.75 on the dose to individuals exposed to a patient provides a consistent, scientific basis for such decisions that treats all radionuclides on a risk-equivalent basis. The dose delivered by an initial activity of 30 millicuries or a dose rate at 1 meter of 5 millirems per hour varies greatly from one radionuclide to another. Thus, while the values in the current 10 CFR 35.75 may be appropriate for iodine-131, they are too high for some other radionuclides and too low for others. A dose-based rule, such as Alternative 3, provides a consistent approach for regulating new therapies, such as radiolabelled antibodies, as was discussed in Section 4.1.2.1.
A dose-based rule no longer restricts patient release to a specific activity, and therefore would permit the release of patients with activities that are greater than currently allowed. This is especially true when casespecific factors are evaluated to more accurately assess the dose to other individuals. A s can be seen in Table 4 .11 for the case of thyroid cancer, in those cases where multiple administrations in a year of 1,110 millisieverts (30 millicuries) or less of iodine-131 are now administered to a patient, it may be possible to give all of the activity in a single administration. This would reduce the potential for repeated exposures to hospital staff and to those providing care to the released patient.
Additionally, this would provide physicians with the flexibility to not have to fractionate doses to avoid hospitalization to meet the current requirements, which may lead to a more effective treatment.
6. Shorter hospital stays provide emotional benefits to patients and their families. Allowing earlier reunion of families can improve the patient's state-of-mind, which in itself may improve the outcome of the treatment and lead to the delivery of more effective health care.
IMPLEMENTATION
No &pediments to implementation of the recommended alternative have been identified. The staff is preparing a Regulatory Guide for licensees which will provide, in part, simple methods to evaluate the dose to the individual member of the public likely to receive the highest dose from the released patient. This will enable licensees to determine when a patient may be released from their control. 
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